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Description
Technical Field

[0001] The present application relates to an infrared
imaging device.

Background Art

[0002] In a thermal infrared imaging device, tempera-
ture sensors constituting pixels are arrayed two dimen-
sionally to form an imaging sensor having a thermally
insulated structure, and an infrared image is captured by
utilizing the fact that the temperature of the pixels
changes in accordance with incident infrared light. How-
ever, in the infrared imaging device, not only a tempera-
ture change as an infrared sensitivity but also a self-
heating temperature change of the temperature sensor
itself due to application of a current or a voltage and a self-
heating temperature change of the entire infrared ima-
ging device generated in components other than the
imaging sensor occur simultaneously.

[0003] In this case, the degree of self-heating varies
due to variations in thermal insulation performance, the
amount of power consumption, the applied voltage, or the
current amount for each of the pixels due to manufactur-
ing variation in the imaging sensor or its peripheral
members, and thus an output level differs for each of
the pixels. In addition, since the thermal insulation per-
formance and the amount of the power consumption for
each of the pixels change due to the ambient tempera-
ture, the output level variation due to the ambient tem-
perature variation is significant.

[0004] Among these problems, regarding the perfor-
mance change due to the ambient temperature, a meth-
od of compensating an infrared sensor signal by perform-
ing a compensation process using a table of compensa-
tion coefficients in accordance with the ambient tempera-
ture and the temperature of an subject to be measured
(for example, refer to Patent Document 1) has been
proposed. Further, regarding the output level difference
in each of the pixels, a method using a shutter mechan-
ism for performing calibration to level the sensitivity of the
pixels (for example, refer to Patent Document 2) has
been proposed.

JP 2002 310804 A discloses a device which comprises a
DFPN memory for storing DFPN data acquired every
prescribed time interval and a drift quantity estimation
circuit for approximating the past DFPN data with a
quadratic function to estimate the following DFPN cor-
rection value in addition to a lens for converging infrared
rays, an attachable and detachable shutter, a detector for
detecting infrared rays, an analog circuit part for perform-
ing the amplification or the like of the signal from the
detector, an A/D conversion circuit, a DFPN correction
circuit, an image output circuit for outputting an image
signal, an interface, and a timer for outputting time data.
US 6 515 285 B1 doscloses methods and apparatus for
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compensating a radiation sensor for ambient tempera-
ture variations. Ambient temperature variations may pro-
duce undesirable artifacts in electronic signals output by
a radiation sensor. In some cases, such artifacts may
detrimentally reduce the dynamic range of the sensor
and/or processing circuitry associated with the sensor
with respect to radiation of interest. The radiation sensor
is compensated for such undesirable artifacts by adding
an offset to a sensor bias voltage or a sensor bias current,
and/or controlling a temperature of the radiation sensor,
based on variations in the ambient temperature.

Citation List
Patent Document
[0005]

Patent Document 1: JP 2012-230 077 A (Paragraphs
0135 to 0139, Table 1)

Patent Document 2: JP 2004-117 000 A (Paragraphs
0014 to 0022, FIGS. 1 to 3)

Summary of Invention
Problems to be solved by Invention

[0006] However, in the compensation process using
the compensation coefficients, it is not possible to cope
with a change in the heat dissipation performance af-
fected by a mounting condition of the infrared imaging
device or fluctuation in the power supply voltage, and
thus accurate compensation is not always possible. In
addition, relying on the calibration by the shutter mechan-
ism leads to an increase in the frequency of the calibra-
tion, and thus it is undesirable that the time during which
no image can be captured increases.

[0007] It is an object of the present application to
provide an infrared imaging device that can reduce the
influence of the mounting condition and the voltage fluc-
tuation and shorten the time during which no image can
be captured.

Means for solving Problems

[0008] According to the invention there is provided an
infrared imaging device as defined in claim 1.

[0009] Further developments of the invention are the
subject of the dependent claims.

[0010] An infrared imaging device according to the
present application comprises an infrared imaging sen-
sor in which a plurality of pixels for detecting incident
infrared light as heat are arrayed, a substrate tempera-
ture sensor to measure a temperature of a substrate on
which the infrared imaging sensor is mounted, a tem-
perature drift compensation amount calculation unit to
calculate a temperature drift compensation amount in
accordance with a temperature change of the substrate,
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with respect to a pixel output outputted from each of the
plurality of pixels, a function generation unit to generate
an approximate function for calculating the temperature
drift compensation amount with the temperature of the
substrate as an independent variable, and a timing con-
trol unit to cause the infrared imaging sensor and the
substrate temperature sensor to synchronously output
data to the function generation unit during a period in
which the temperature of the substrate changes along
with a start of energization to the substrate, as data for
generation to generate the function, wherein the function
generation unit uses the data output after the generation
of the function among the synchronously output data as
additional data to be added to used datain the generation
of the function, and recalculates the function for improv-
ing accuracy of the function.

Effect of Invention

[0011] According to the infrared imaging device dis-
closed in the present application, since the function used
for the compensation is made more accurate using addi-
tional data, it is possible to obtain the infrared imaging
device that can reduce the influence of the mounting
condition and the voltage fluctuation and shorten the time
during which no image can be captured.

Brief Description of Drawings
[0012]

FIG. 1 is a functional block diagram of an infrared
imaging device according to Embodiment 1.

FIG. 2 is a schematic diagram showing a configura-
tion of the infrared imaging sensor in the infrared
imaging device according to Embodiment 1.

FIG. 3 is a diagram showing changes over time in
pixel outputs and a temperature sensor output in the
infrared imaging device according to Embodiment 1.
FIG. 4 is a diagram showing a relationship between
the temperature sensor output and the pixel outputs
in the infrared imaging device according to Embodi-
ment 1.

FIG. 5is adiagram showing changes over time in the
temperature sensor output and in a representative
pixel output, and control timing in the infrared ima-
ging device according to Embodiment 1.

FIG. 6 is a diagram showing a relationship of the
representative pixel output and the control timing
with respect to the temperature sensor output in
the infrared imaging device according to Embodi-
ment 1.

FIG. 7 is a flowchart showing self-learning operation
in a compensation amount calculation function gen-
eration unit in the infrared imaging device according
to Embodiment 1.

FIG. 8 is a functional block diagram of an infrared
imaging device according to Embodiment 2.
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FIG. 9 is a functional block diagram of an infrared
imaging device according to Embodiment 3.

FIG. 10 is a diagram showing change amounts of
pixel outputs and a change amount of a temperature
sensor output over time in the infrared imaging de-
vice according to Embodiment 3.

FIG. 11 is a diagram showing a relationship between
the change amount of the temperature sensor output
and the change amounts of the pixel outputs in the
infrared imaging device according to Embodiment 3.
FIG. 12 is a functional block diagram of an infrared
imaging device according to Embodiment 4.

FIG. 13 is a functional block diagram of an infrared
imaging device according to Embodiment 5.

FIG. 14 is a diagram showing a relationship between
atemperature sensor output and a pixel outputin the
infrared imaging device according to Embodiment 5.
FIG. 15 is a block diagram showing a configuration
example of a part for executing arithmetic processing
in the infrared imaging device according to each
embodiment.

Modes for carrying out Invention
Embodiment 1

[0013] FIG. 1 to FIG. 7 illustrate an infrared imaging
device according to Embodiment 1, and FIG. 1 is a
functional block diagram showing an entire configuration
of the infrared imaging device, and FIG. 2 is a schematic
diagram showing a configuration of the infrared imaging
device. FIG. 3 is a diagram showing changes over time in
a pixel output of each of three pixels and a temperature
sensor output when the infrared imaging device is started
up, and FIG. 4 is a diagram showing a relationship
between the temperature sensor output and the pixel
output of each of the three pixels which change over time
when the infrared imaging device is started up.

[0014] Further, FIG. 5 is a diagram showing changes
over time in the temperature sensor output and in a
representative pixel output, and control timing in accor-
dance with the changes over time when the infrared
imaging device is started up. FIG. 6 is a diagram showing
a relationship of the representative pixel output with
respect to the temperature sensor output that changes
with time, and a relationship of the control timing in
accordance with the substrate temperature sensor or
the representative pixel output. FIG. 7 is a flowchart
showing self-learning operation for improving accuracy
of an approximate formula (function) in a compensation
amount calculation function generation unit included in
the infrared imaging device.

[0015] The configuration and operation of the infrared
imaging device according to Embodiment 1 or of the
infrared imaging device common to each of embodi-
ments will be described below using the drawings. As
shownin FIG. 1, the infrared imaging device 10 includes,
as main components, an infrared imaging sensor 1 that
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receives incident infrared light and converts it into an
analog electric signal, and an analog-to-digital converter
(hereinafter referred to as A/D converter 2) that receives
the signal, converts itinto a digital signal, and outputs the
digital signal.

[0016] AsshowninFIG. 2, the infrared imaging sensor
1 has a plurality of pixels 1p preferably arrayed two
dimensionally as a pixel part 1g, which senses infrared
light as heat due to a change in electrical characteristics
caused by a rise in temperature when incident infrared
light is received and outputs it as an electrical signal. A
drive line selection circuit 1s for controlling the timing of
energization for each pixel 1p and a readout circuit 1r for
amplifying and reading out a signal component output
from each pixel 1p of the pixel part 1g are provided. The
signal of each pixel 1p is sequentially output from the
readout circuit 1r.

[0017] Here, the signal component of each pixel 1p
includes a component of infrared light emitted from a
subject, and also includes a substrate temperature com-
ponent, a self-heating component due to energization,
and a component of infrared light emitted from optical
system members such as lenses, and a lens barrel
holding the optical system members, and the like. That
is, the signal component of the infrared imaging device 1
varies depending on the mounting condition, fluctuation
of the power supply voltage to be applied, and the like.
[0018] Therefore, a substrate temperature sensor 4 for
measuring the temperature of a mounting substrate (not
shown) and a temperature drift compensation amount
calculation unit 7 for calculating a temperature drift com-
pensation amount for compensating a digital value out-
putted from the A/D converter 2 by subtraction proces-
sing in accordance with an output of the substrate tem-
perature sensor 4 are provided. At this time, it is prefer-
able thatthe mounting substrate and the infrared imaging
device 1 be bonded to each other by a conductive or non-
conductive adhesive, and the substrate temperature
sensor 4 be bonded to the mounting substrate by an
adhesive or a solder material so that the tendency in
the temperature change of the infrared imaging device 1
and the substrate temperature sensor 4 can be the same.
Accordingly, the output (temperature) change of the sub-
strate temperature sensor 4 can be regarded as equiva-
lent to the output change of the infrared imaging device 1.
[0019] Further, a shutter 3 for blocking the infrared light
incident on the infrared imaging sensor 1, and a timing
control unit 6 for controlling operation timing of the shutter
3 and for causing related parts to operate in synchroniza-
tion when shutter calibration processing is performed are
provided. The shutter 3 is disposed in the subject detec-
tion direction of the infrared imaging sensor 1 and is
preferably made of material having a low thermal con-
ductivity and a small heat capacity. Preferably, the sur-
face emissivity is 0.95 or more. As a result, the shutter 3
can be regarded as having the same temperature as the
ambient temperature regardless of the mounting condi-
tion or the fluctuation of the power supply voltage to be
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applied, and the tendency of the temperature change in
the infrared imaging sensor 1, the lens barrel, the lens,
and the like at the time of acquiring compensation data
shown later can be extracted with high accuracy.
[0020] The configuration described above is the same
as a configuration required for a typical infrared imaging
device in which shutter calibration is performed. In con-
trast, in the infrared imaging device 10 of the present
application, a compensation amount calculation function
generation unit 5 is provided as a part for performing the
shutter calibration processing. The compensation
amount calculation function generation unit 5 generates
an approximate formula (function Af) for calculating a
temperature drift compensation amount for each of the
pixels in accordance with the substrate temperature from
the output from the A/D converter 2 and the output from
the substrate temperature sensor 4 in synchronization
with the shutter operation, and performs processing for
improving the accuracy of the formula by self-learning the
adequacy of the data. Further, the shutter timing for
performing effective shutter calibration with less fre-
quency is self-learned and calculated.

[0021] Here, flows of signals and data in the infrared
imaging device 10 are reconfirmed. An analog signal
component output from the infrared imaging sensor 1
is converted into a digital signal by the A/D converter 2
and the signal is input to the compensation amount
calculation function generation unit 5 as a pixel output
Sp. A temperature sensor output St indicating the sub-
strate temperature output from the substrate temperature
sensor 4 is also input to the compensation amount cal-
culation function generation unit 5 at the same time. The
timing control unit 6 generates a control or operation
command signal to synchronize the operation timing of
the shutter 3 with signal acquisition timing of the com-
pensation amount calculation function generation unit 5
described later.

[0022] The compensation amount calculation function
generation unit 5 acquires the signals from the A/D con-
verter 2 and the substrate temperature sensor 4 in ac-
cordance with the timing of receiving the operation com-
mand signal from the timing control unit 6, and tempora-
rily stores them in a memory (not shown). Then, using
signals from the A/D converter 2 and the substrate tem-
perature sensor 4 multiple times, an N-th order approx-
imate function Af is generated from the relationship be-
tween the output of the substrate temperature sensor 4
and the output of the A/D converter 2.

[0023] Therefore, it is preferable that the compensa-
tion amount calculation function generation unit 5 holds a
memory capacity so that signals from the A/D converter 2
and the substrate temperature sensor 4 can be tempora-
rily stored for multiple times. The N-th order approximate
function Af generated by the compensation amount cal-
culation function generation unit 5 is preferably gener-
ated in accordance with each pixel 1p, but may be gen-
erated using an average value of the outputs from a
plurality of pixels among the signals output from the
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two dimensionally arrayed pixels 1p when precise com-
pensation is not necessary.

[0024] The signal acquisition timing of the compensa-
tion amount calculation function generation unit 5, which
is controlled by the timing control unit 6, is performed two
or more times, and more preferably four or more times
during a period in which temperature fluctuation occurs
due to heat generated by energization after the infrared
imaging device 10 is turned on. Signals obtained at the
signal acquisition timing of the compensation amount
calculation function generation unit 5 needs to be the
signals in a period in which the shutter 3 is completely
operated, and a timing difference from the operation start
may be generated. Further, while the shutter 3 continues
to be operated once, signals may be acquired multiple
times from the A/D converter 2 and the substrate tem-
perature sensor 4, and the case including the above is
also referred to as "synchronization".

[0025] In addition, it is preferable that the operation
timing of the shutter 3 controlled by the timing control unit
6 and the signal acquisition timing of the compensation
amount calculation function generation unit 5 be setin a
period except for an unstable period (for example, period
Pain FIG. 5) immediately after the start of the energiza-
tion in which the device operation is electrically unstable.
Since various bias conditions in the device are not sta-
bilized immediately after the start of the energization, as a
result, itis possible to prevent the N-th order approximate
function Af generated in the compensation amount cal-
culation function generation section 5 from being inac-
curate.

[0026] The temperature drift compensation amount
calculation unit 7 calculates a temperature drift compen-
sation amount D¢, which is compensation data for each of
the pixels 1p and is in accordance with the signal from the
substrate temperature sensor 4, from the N-th order
approximate function Af obtained by the compensation
amount calculation function generation unit 5. Accord-
ingly, it is possible to predict a signal generated from the
infrared imaging sensor 1 in accordance with the sub-
strate temperature sensor 4 and outputted via the A/D
converter 2. Finally, the output for each of the pixels 1p
can be leveled by subtraction operation of an output from
the temperature drift compensation amount calculation
unit 7 (temperature drift compensation amount Dc) from
the output of the A/D converter 2 (pixel output Sp).
[0027] Next, compensation contents will be described
in more detail. The pixel output Sp of each pixel 1p output
from the A/D converter 2 (typically, pixel outputs Sp1,
Sp2, and Sp3 of the respective three pixels 1p are shown)
and the temperature sensor output St output from the
substrate temperature sensor 4 change over time as
shown in FIG. 3. When the power to the infrared imaging
device 10 (substrate thereof) is turned on (time=0), the
temperature changes due to heat generated by energi-
zation, and the output value of the substrate temperature
sensor 4 increases with time.

[0028] As described above, since the substrate tem-
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perature sensor 4 and the infrared imaging sensor 1 are
configured to have the same tendency in the output
change, the temperature of the infrared imaging sensor
1 rises, but the temperature of the shutter 3 configured to
have the same temperature as the ambient temperature
does not change. Therefore, the signal during the opera-
tion of the shutter 3, thatis, the pixel output Sp (referred to
as a shutter imaging signal) output when the shutter 3 is
captured, falls as the temperature sensor output Strises.
[0029] Notethatthe shutterimaging signalincludes not
only the influence of the temperature change of the lens
barrel and the optical system members but also the
influence of an output level difference or of a temperature
drift component difference for each of the pixels 1p. In
addition, since it is based on the acquired data in which
the mounting condition of the infrared imaging device 10
or the power supply voltage to be applied is already
established, the above-described variation factors are
included.

[0030] Inthe shuttercalibration, as showninFIG. 4, the
relationship of the shutterimaging signal (pixel output Sp)
for each of the pixels 1p with respect to the temperature
sensor output St is derived from the temperature sensor
output St and the shutterimaging signal that change over
time when the device is started up, which is described
referring to FIG. 3. Specifically, the compensation
amount calculation function generation unit 5 generates
the N-th order approximate function Af of the temperature
sensor output St for each of the pixels 1p from the pixel
output Sp for each of the pixels 1p output from the A/D
converter 2 and the temperature sensor output St output
from the substrate temperature sensor 4, and outputs the
function Af to the temperature drift compensation amount
calculation unit 7.

[0031] The temperature drift compensation amount
calculation unit 7 substitutes the temperature sensor
output St output from the substrate temperature sensor
4 at the point in time into the N-th order approximate
function Af for each of the pixels 1p output from the
compensation amount calculation function generation
unit 5 to generate the temperature drift compensation
amount Dc for each of the pixels 1p. The generated
temperature drift compensation amount Dc for each of
the pixels 1p takes into account all of the mounting
condition of the infrared imaging device 10, the fluctua-
tion of the power supply voltage to be applied, the influ-
ence of the temperature change in the lens barrel and the
optical system members, the output level difference for
each of the pixels 1p, and the temperature drift compo-
nent difference for each of the pixels 1p.

[0032] As a result, image compensation can be per-
formed with higher accuracy than when predetermined
compensation data is used. Further, since the tempera-
ture drift compensation amount Dc can be calculated in a
stepless manner in accordance with the temperature
change of the infrared imaging device 10, the frequency
of shutter calibration can be reduced as compared with
the case where calibration for taking compensation data
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for each temperature range is executed. At the same
time, since it is not necessary to prepare compensation
data in advance, the manufacturing cost can be greatly
reduced.

[0033] Here, an example of setting the control timing in
the timing control unit 6 will be described referring to FIG.
5 showing changes over time in the output of the repre-
sentative pixel (representative pixel output Spr) and the
temperature sensor output St, and FIG. 6 showing the
relationship between the temperature sensor output St
and the representative pixel output Sprin FIG. 5. Imme-
diately after the infrared imaging device 10 is turned on,
various power-up sequences are started in the period Pa,
buta certain time is typically required until the operation is
stabilized. If the shutter calibration is executed in this
period Pa, the N-th order approximate function Af gen-
erated in the compensation amount calculation function
generation unit 5 becomes inaccurate, and thus it is
preferable not to use the function Af as the calculation
data.

[0034] Next, after the operation of the infrared imaging
device 10 is stabilized, the shutter 3 is operated in the
period Pb, and the shutter imaging signal is acquired by
the compensation amount calculation function genera-
tion unit 5, and at the same time, the temperature sensor
output St from the substrate temperature sensor 4 is
acquired. Next, the shutter 3 is released in the period
Pc. At this time, if the N-th order approximate function Af
is yet undetermined in the compensation amount calcu-
lation function generation unit 5, the compensation may
be performed using the shutterimaging signal acquiredin
the period Pb. In this case, since a sequential calculation
cannot be performed with respect to the device tempera-
ture change (substrate temperature change), an image
acquisition becomes possible although the accuracy is
low.

[0035] Next, the shutter 3 is operated in the period Pd,
and the shutter imaging signal is acquired by the com-
pensation amount calculation function generation unit 5,
and at the same time, the temperature sensor output St
from the substrate temperature sensor 4 is acquired. A
first order approximate function Af for the pixel output Sp
of each of the pixels 1p is generated in a compensation
amount calculation function generation unit 5 from the
shutter imaging signal acquired during the period Pb and
the shutterimaging signal acquired during the period Pd.
[0036] Next, the shutter 3 is released in the period Pe.
The temperature drift compensation amount calculation
unit 7 successively generates the temperature drift com-
pensation amount Dc on the basis of the first order
approximation function Af of the pixel output Sp for each
of the pixels 1p generated during the period Pd and the
temperature sensor output St from the substrate tem-
perature sensor 4. And then, by the subtraction operation
of the temperature drift compensation amount Dc output
from the temperature drift compensation amount calcu-
lation unit 7 from the pixel output Sp of the A/D converter
2, the output for each of the pixels 1p is leveled. As a
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result, it is possible to perform the sequential calculation
with respect to the substrate temperature change, and it
is possible to level the image signal with high accuracy.
[0037] Further, if necessary, after the period Pe, the
shutter 3 is operated several times, the shutter imaging
signal is acquired by the compensation amount calcula-
tion function generation unit 5, and at the same time, the
temperature sensor output St from the substrate tem-
perature sensor 4 is acquired. From these data, the
compensation formula for the pixel output Sp of each
of the pixels 1p can be made higher in its order to a
quadratic function and to a cubic function in the compen-
sation amount calculation function generation unit 5.
[0038] The period Pc may be set such that the output of
the substrate temperature sensor 4 shows a variation
equal to or greater than a signal componenterror, and the
time thereof may be setin advance, or the period may be
set by monitoring the output variation amount of the
substrate temperature sensor 4. In the period Pc, since
the sequential calculation cannot be performed with re-
spect to the substrate temperature change, the accuracy
in the image acquisition is low. However, if this is not a
problem, it is preferable that the output variation of the
substrate temperature sensor 4 should be set to be large.
[0039] The timing of the period Pb and the period Pd
must be determined in consideration of the time required
for the stable operation of the device. In other words, itis
preferably setin advance on the basis of a signal caused
by the power-on of the device. By the operation of the
timing control unit 6, the image acquisition is possible in a
period excluding the unstable operation state immedi-
ately after the startup and the operation timing of the
shutter 3 several times. Further, as the number of opera-
tions of the shutter 3 is increased, the compensation
formula calculated by the compensation amount calcula-
tion function generation unit 5 can be made into a higher
order so that the compensation accuracy can be gradu-
ally improved.

[0040] Since this compensation formula takes into ac-
count the mounting condition of the infrared imaging
device 10, fluctuation of the power supply voltage to be
applied, and the like, the image compensation can be
performed with high accuracy as compared with preset
compensation data, and the frequency of shutter calibra-
tion can be reduced by successively changing the com-
pensation data for each of the temperature changes of
the infrared imaging device 10. At the same time, since it
is not necessary to prepare compensation data in ad-
vance, the manufacturing cost can be greatly reduced.
[0041] Further, the compensation amount calculation
function generation unit 5 performs the generation of the
N-th order approximate function by self-learning, and
thereby the accuracy of the function Af is improved.
The self-learning operation will be described referring
to the flowchart of FIG. 7. For example, in the case of an
initial state without data accumulation, the shutter cali-
bration is performed at least N+1 times in order to gen-
erate the N-th order approximate function Af (steps S100
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and S110). Then, from the combination of the shutter
imaging signal (pixel output Sp) and the temperature
sensor output St obtained by each shutter calibration,
the function Af which is an N-th order approximate for-
mula for each of the pixels 1p at the initial state is setby a
calculation using the least squares method, etc., (step
S120).

[0042] After the initial function Af is set in this manner,
for example, the shutter calibration is performed at a
predetermined timing among the start-up periods Pb to
Pe, and data readout of the shutterimaging signal and the
temperature sensor output St for each of the pixels 1p is
performed (step S200). When the data is read out, a
deviation value that deviates from the function Af set
for each of the pixels 1p is calculated. Here, assuming
that o calculated by the least squares approximation is
set to a threshold value Th, it is determined whether the
data is appropriate data whose deviation value falls with-
in the threshold value Th, thatis, whether the data is good
or bad (step S220).

[0043] If the data is determined to be good ("Yes" in
step S220), the data is added to the data stored so far,
and the N-th order approximate function Af is recalcu-
lated (step S230). Then, it is determined whether or not
the deviation values of all the data are within the threshold
value Th with respect to the recalculated function Af (step
S240), and if the deviation values are within the threshold
value Th (no deviation: "No"), the data subject to be
stored is additionally updated (step S250).

[0044] In contrast, if there is data whose deviation
value does not fall within the threshold value Th with
respect to the recalculated N-th order approximate for-
mula (deviation exist: "Yes" in step S240), the process
proceeds to step S230 where the data deviating from the
threshold value Th is excluded and the N-th order ap-
proximate function Af is recalculated. This process is
repeated until "No" is obtained in step S240, and then
the process proceeds to step S250.

[0045] After updating the data, a correlation coefficient
in the N-th order approximate function Af is taken into
consideration, the need for higher accuracy, that is, the
need for additional data is confirmed, and the frequency
of calibration is set again. If there is a data area in the
temperature sensor output St that is insufficient in the
source data for the N-th order approximate function Af, an
optimal calibration timing is set from among the periods
Pbto Pe so thatthe data area can be supplementedin the
next calibration (step S260). That is, the need for the
calibration is learned and an optimum shutter condition is
set (step S260). As a result, even if the calibration is
performed with less frequency, highly accurate N-th order
approximation can be performed.

[0046] Meanwhile, if it is determined to be defective
("No") in step S220, it is determined whether or not,
regarding the number of defects, the cumulative number
of times determined as defective, the number of pixels 1p
determined to be defective, or the latest number of times
continuously determined as defective is within an allow-
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able value Av (step S300). If the number of the defects is
within the allowable value Av ("No"), the process pro-
ceeds to step S200 where the next calibration is simply
executed. However, if the number of the defects exceeds
the allowable value Av ("Yes"), it is determined that a
defect has occurred in the device or the state has chan-
ged, and notification for the operation failure is issued
(step S310), and the process ends.

[0047] Thus, it is possible to automatically detect the
defectin the acquired data due to the control failure of the
timing control unit 6 and the operation failure of the
shutter 3 and calculate the optimum temperature drift
compensation amount in accordance with the substrate
temperature. In addition, if it is determined to be defec-
tive, itis possible to return to the original state by checking
the mounting condition. Or, if the mounting condition is
changed, the past data may be reset to perform calibra-
tion suitable for the new mounting condition.

[0048] Note that, in the defect determination, in addi-
tion to the number of pixels 1p, notification for the opera-
tion failure may be output when a range of the defect
occurring in the pixel array, such as those occurring in a
clump or in line shape, meets a certain condition. Alter-
natively, a non-volatile memory may be mounted in the
compensation amount calculation function generation
unit 5, and the N-th order approximate function Af calcu-
lated in the past and the N-th order approximate function
Af newly acquired may be compared to detect a defective
pixel 1p that occurs in time series or a sensor chip
operation failure.

[0049] For example, when the function Af for each of
the pixels 1p is an N-th order polynomial formula, the
function Af is generated at the time of shipment inspec-
tion, and each of terms or a part of the coefficients is
stored in the nonvolatile memory. Then, when the coeffi-
cientin each of the terms of the function Af approximated
by the newly generated N-th order polynomial formula
show a change equal to or greater than a predetermined
threshold value, it may be determined that the pixel has
become a defective pixel. In this case, the defect may be
compensated by using an output value of the pixel 1p
which is regarded as normal in its operation and is ar-
ranged around the pixel 1p which is regarded as the
defective pixel. These methods enable early detection
of defects or the like caused by changes over time and
improvement in user convenience, and also improve-
ment in the performance of the infrared imaging device
such as improvement in the defect compensation accu-
racy.

[0050] In contrast to the above, when there is no self-
learning, as described above, it is necessary to perform
multiple shutter calibrations at each time of the start-up.
However, in the case of the self-learning, after the initial
function Af is set, for example, even if the shutter calibra-
tion is performed once at the start-up, a highly accurate
approximate formula can be used, and the frequency of
the shutter calibration can be surely reduced. Further,
when the data at each start-up is stable, the shutter
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calibration may be performed not for each start-up but for
any of the start-ups. It should be noted that the self-
learning method in relation to the data acquisition as
described above can bring about the same effect even
when a function of calculating a compensation amount is
generated using a variation amount relative to an initial
value which will be described later.

Embodiment 2

[0051] In Embodiment 1, no particular description has
been made to how the timing control unit determines the
timing for operating the shutter in reality. In Embodiment
2, aconfiguration in which the timing control unit performs
the shutter operation on the basis of a substrate tem-
perature will be described. FIG. 8 is a functional block
diagram showing an entire configuration of an infrared
imaging device for the description on the infrared imaging
device according to Embodiment 2. In the infrared ima-
ging device according to Embodiment 2, the configura-
tion except for a part related to the shutter operation
control of the timing control unit is the same as the
configuration described in Embodiment 1, and FIG. 2
to FIG. 7 described in Embodiment 1 are referred to,
and the descriptions on the same components are not
repeated.

[0052] AsshowninFIG. 8, the infrared imaging device
10 according to Embodiment 2 is different from FIG. 1 of
Embodiment 1 in that the temperature sensor output St
from the substrate temperature sensor 4 is input to the
timing control unit 6. When the temperature sensor out-
put St that is input indicates a set value, shutter calibra-
tion operation is performed. Alternatively, when the value
of the temperature sensor output St indicating the sub-
strate temperature varies greatly, the shutter calibration
operation is performed to increase the accuracy of the
function Af or to set the function Afin accordance with the
temperature range.

[0053] With this configuration, high-precision image
compensation can be made, and the function of Embodi-
ment 1 such as reduction in the shutter calibration fre-
quency and significant reduction in the manufacturing
cost can be definitely implemented. In addition, even if a
temperature condition of the infrared imaging device 10,
for example, a change in the ambient temperature, a
change in climate, a change in the mounting condition
of the infrared imaging device 10, or a change in an
operating voltage occurs, the optimum function Af can
be generated again each time.

Embodiment 3

[0054] In Embodiment 3, the compensation amount
calculation function generation unit shown in Embodi-
ments 1 and 2 as described above is configured by a
combination with an initial value acquisition unit, and a
function is generated using a variation amount relative to
the initial value. FIG. 9 to FIG. 11 are for a description of a

10

15

20

25

30

35

40

45

50

55

configuration of an infrared imaging device of Embodi-
ment 3, FIG. 9 is a functional block diagram showing the
configuration of the infrared imaging device, FIG. 10 is a
diagram showing the changes over time in the output
variation amount of the pixel output and the output varia-
tion amount of the temperature sensor output in the
infrared imaging device, and FIG. 11 is a diagram show-
ing a relationship between the output variation amount of
the temperature sensor output and the output variation
amount of the pixel output in the infrared imaging device.
[0055] Note that,intheinfrared imaging device accord-
ing to Embodiment 3, the configuration except for the part
directly related to the initial value acquisition unit and the
compensation amount calculation function generation
unit is the same as the configuration described in Embo-
diment 1, and FIG. 2to FIG. 7 described in Embodiment 1
are referred to, and descriptions on the same compo-
nents are not repeated.

[0056] In the infrared imaging device 10 according to
Embodiment 3, as shown in FIG. 9, the compensation
amount calculation function generation unit 5 and the
initial value acquisition unit 8 are provided in place of the
single formation of the compensation amount calculation
function generation unit 5 among the components de-
scribed in FIG. 1 of Embodiment 1. The initial value
acquisition unit 8 is configured to receive the pixel output
Sp from the A/D converter 2, and the compensation
amount calculation function generation unit 5 is config-
ured to receive the pixel output Sp and the temperature
sensor output St. Further, the timing control unit 6 is
configured to generate a control or operation command
signal to execute the operation of the shutter 3, the initial
value acquisition unit 8, and the compensation amount
calculation function generation unit 5 in synchronization
with each other.

[0057] Theinitial value acquisition unit 8 holds a shutter
imaging signal (pixel output Sp) output from the A/D
converter 2 and a temperature sensor output St output
from the substrate temperature sensor 4 as initial values
when the shutter is operated in response to the first
control signal from the timing control unit 6 after the
start-up. The compensation amount calculation function
generation unit 5 calculates output variation amounts Vp
and Vtrelative to the initial values, for the pixel output Sp
output from the A/D converter 2 and the temperature
sensor output St output from the substrate temperature
sensor 4 with respect to subsequent control signals.
[0058] That is, when the first control signal among the
control signals of the timing control unit 6 is received, the
received data is stored as the initial values, and for the
second and subsequent control signals, the output var-
iation amounts Vp and Vtrelative to the initial values in the
received data are calculated and temporarily stored in the
memory. Then, a second N-th order approximate function
Af is generated from the relationship between the output
variation amount Vt of the temperature sensor output St
and the output variation amount Vp of the pixel output Sp.
[0059] The temperature drift compensation amount
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calculation unit 7 calculates the temperature drift com-
pensation amount Dc in accordance with the output
variation amount Vt of the temperature sensor output
Stfrom the second N-th approximate function Af obtained
by the compensation amount calculation function gen-
eration unit 5. Accordingly, the output variation amount
Vp of the pixel output Sp generated from the infrared
imaging device 1 and output via the A/D converter 2 can
be predicted in accordance with the temperature sensor
output St. Lastly, by subtraction operation of the initial
value output from the initial value acquisition unit 8 and
the temperature drift compensation amount D¢ output
from the temperature drift compensation amount calcu-
lation unit 7 from the pixel output Sp output from the A/D
converter 2, the output for each of the pixels 1p can be
leveled.

[0060] Next, the compensation contents will be de-
scribed in more detail. The output variation amount Vp
relative to the initial value in the pixel output Sp for each of
the pixels 1p output from the A/D converter 2 (Vp 1, Vp2,
and Vp3 corresponding to pixel outputs Sp1, Sp2, and
Sp3 are indicated as representatives), which is calcu-
lated by the compensation amount calculation function
generation unit, changes with time as shown in FIG. 10.
Similarly, the output variation amount Vt from the initial
value in the temperature sensor output St from the sub-
strate temperature sensor 4 also changes with time.
[0061] When the infrared imaging device 10 is turned
on (time=0), the substrate temperature varies owing to
heat generation caused by energization. The output var-
iation amount Vt of the temperature sensor output St
relative to the initial value obtained at the timing when
the first control signal is issued from the timing control unit
6 increases with time. While the infrared imaging device 1
shows the same tendency in the temperature change as
the substrate temperature sensor 4, the temperature of
the shutter 3, which is in the same temperature as the
ambienttemperature, does not change, so thatthe output
variation amount Vp of the pixel output Sp relative to the
initial value decreases with time.

[0062] From the output variation amount of Vt of the
temperature sensor output St and the output variation
amount of Vp of the shutter imaging signal which change
over time when the device starts up and which are
described in FIG. 10, it can be plotted as a relationship
between the output variation amount Vp of each of the
pixels 1p with respect to the output variation amount of Vit
as shown in FIG. 11. Then, the compensation amount
calculation function generation unit 5 generates the sec-
ond function Af of the output variation amount Vp for each
of the pixels 1p from the output variation amount Vp thatis
relative to the initial value and calculated from the pixel
output Sp for each of the pixels 1p, and the output varia-
tion amount Vt relative to the initial value of the tempera-
ture sensor output St, and outputs the second function Af
to the temperature drift compensation amount calculation
unit 7.

[0063] The temperature drift compensation amount
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calculation unit 7 substitutes the output variation amount
Vt output from the compensation amount calculation
function generation unit 5 at the point in time into the
second N-th approximate function Af for each of the
pixels 1p output from the compensation amount calcula-
tion function generation unit 5 to generate the tempera-
ture drift compensation amount Dc for each of the pixels
1p. The generated temperature drift compensation
amount Dc for each of the pixels 1p takes into account
all of the mounting condition of the infrared imaging
device 10, the fluctuation of the power supply voltage
to be applied, the influence of the temperature change in
the lens barrel and the optical system members, and the
temperature drift component difference for each of the
pixels 1p.

[0064] Here, the compensation amount calculation
function generation unit 5 does not consider the output
level difference in each of the pixels 1p. However, the
function can be substituted by holding the signal of the
A/D converter 2 at the timing when the first control signal
is issued from the timing control unit 6 in the initial value
acquisition unit 8. That is, by the subtraction operation of
the initial value for each of the pixels 1p output from the
initial value acquisition unit 8 and the temperature drift
compensation amount Dc obtained in the compensation
amount calculation function generation unit 5, from the
pixel output Sp from the A/D converter 2, the output for
each of the pixels 1p can be leveled.

[0065] Then, the compensation amount calculation
function generation unit 5 according to Embodiment 3
improves the accuracy of the second N-th order approx-
imate function by self-learning and optimizes the shutter
calibration timing, similar to the description in Embodi-
ment 1. As a result, the function implemented by the
combination of the compensation amount calculation
function generation unit 5 and the temperature drift com-
pensation amount calculation unit 7 in Embodiment 1 is
maintained.

[0066] In addition, the data size handled by the com-
pensation amount calculation function generation unit 5
and the temperature drift compensation amount calcula-
tion unit 7 for sequentially generating the temperature
drift compensation amount Dc using the output of the
compensation amount calculation function generation
unit 5 is reduced, the calculation load of the circuit can
be suppressed, and the cost of the constituent members
can be reduced. Further, since the calculation speed can
be improved, it is possible to perform compensation
processing compatible with a large number of pixels.

Embodiment 4

[0067] In Embodiment 3, an example has been de-
scribed in which the compensation amount calculation
function generation unit itself calculates the variation
amount of the pixel output by using the initial value held
in accordance with the number of times of the control
signal, but this is not a limitation. In Embodiment 4, with
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regard to the pixel output, an example will be described in
which the variation amount calculated by the subtraction
of the initial value is output to the compensation amount
calculation function generation unit. FIG. 12 is a func-
tional block diagram showing an entire configuration of
the infrared imaging device according to Embodiment 4.
In the infrared imaging device according to Embodiment
4, the configuration except for the part related to the
calculation of the variation amount of the pixel output is
the same as the configuration described in Embodiment
3, and FIGS. 10 to 11 described in Embodiment 3 are
referred to, and the descriptions on the same compo-
nents are not repeated.

[0068] Instead of the pixel output Sp of the A/D con-
verter 2 described in Embodiment 3, as shownin FIG. 12,
the infrared imaging device 10 according to Embodiment
4 outputs the output variation amount Vp which is sub-
tracted by using the initial value of the initial value acqui-
sition unit 8, to the compensation amount calculation
function generation unit 5. That is, among the control
signals of the timing control unit 6 shown in Embodiment
3, the same processing as that extracting only the output
variation amounts for the second and subsequent signals
is possible, and the same effect as in Embodiment 3 can
be obtained. With this configuration, the subtraction pro-
cessing is further simplified, the circuit load can be sup-
pressed, and the cost of the constituent members can be
reduced.

Embodiment 5

[0069] Inthe above-described Embodiments 1to4, the
example in which an approximate formula is generated
using the pixel output obtained by capturing the shutter
image has been described, but this is not a limitation. In
Embodiment 5, an example of generating an approxi-
mate formula using data obtained by capturing an image
of a subject will be described. FIG. 13 and FIG. 14 are
diagrams for illustrating the configuration of an infrared
imaging device according to Embodiment 5, and FIG. 13
is a functional block diagram showing the configuration of
the infrared imaging device, and FIG. 14 is a diagram
showing data calculated by an N-th order approximate
formula and data obtained by imaging as a relationship
between sensor outputs and pixel outputs in the infrared
imaging device.

[0070] Inthe infrared imaging device according to Em-
bodiment 5, the same components as those described in
Embodiments 1 to 4 can be applied to the components
except for the omission of the shutter and a part related to
a drift component analysis unit provided for analyzing a
drift component, and FIG. 2 to FIG. 7 described in Em-
bodiment 1 are referred to, and the descriptions on the
same components are not repeated.

[0071] As shown in FIG. 13, the infrared imaging de-
vice 10 according to Embodiment 5 also includes an
infrared imaging sensor 1 that receives incident infrared
light and converts it into an electric signal, and an A/D
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converter 2 that receives the signal and performs digital
conversion. Also provided are the substrate temperature
sensor 4 for measuring the temperature of the mounting
substrate, and the temperature drift compensation
amount calculation unit 7 for calculating the temperature
drift compensation amount for compensating the digital
value outputted from the A/D converter 2 by subtraction
processing in accordance with the output of the substrate
temperature sensor 4.

[0072] Inaddition, the presentembodimentis similar to
Embodiment 1 in that it includes the compensation
amount calculation function generation unit 5 for gener-
ating an N-th order approximate function Af for calculat-
ing a temperature drift compensation amount by the self-
learning, and the timing control unit 6 for controlling the
timing for the calibration. In contrast, the output from the
A/D converter 2 is not directly output to the compensation
amount calculation function generation unit 5, but is
passed through the drift component analysis unit 9 to
select whether it is used for the calibration or not before
being output to the compensation amount calculation
function generation unit 5, and the shutter 3 is omitted.
[0073] The drift component analysis unit 9 calculates a
deviation amount (drift component) from the output value
calculated from the temperature sensor output St with
respect to the pixel output Sp output from the A/D con-
verter 2 on the basis of the function Af output from the
compensation amount calculation function generation
unit 5. For example, in the case where the drift compo-
nentis defined in the same manner as the deviation value
with respect to the value calculated by the function Af, itis
determined whether the drift component falls within a
preset range in the same way as determined whether
the deviation value is larger than the threshold value Th
described in Embodiment 1. When the timing control unit
6 commands thatitis the timing for a calibration, the data
of the pixel 1p whose drift component is out of the range
among the pixel outputs Sp is excluded and outputs to the
compensation amount calculation function generation
unit 5. That is, the drift component analysis unit 9 of
Embodiment 5 functions as a data selection unit in the
function generation, which is similar to the self-learning
operation of the compensation amount calculation func-
tion generation unit 5 in Embodiment 1.

[0074] When the calibration instruction is issued from
the timing control unit 6, since the shutter 3 is not used in
Embodiment 5, the pixel output Sp obtained by imaging
the subject is acquired. At this time, when the imaging
angle is fixed and the state of the subject does not
change, the relationship Rr between the pixel output
Sp obtained by the imaging and the temperature sensor
output St should be the same as the relationship Ra
between the pixel output Sp and the temperature sensor
output St that are approximated by the function Af. Here,
forexample, when amoving object such asapersonoran
animal enters the field of view, as shown in FIG. 14, the
relationship Rr between the pixel output Sp obtained by
imaging the subjectand the temperature sensor output St
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drifts from the relationship Ra at the imaging timing Ti
when the moving object enters the field of view.

[0075] In other words, when the pixel output from the
pixel 1p having a large drift componentis excluded during
the calibration, the pixel on which the moving object is
reflected in the imaging data is excluded from the cali-
bration target. As a result, it is possible to separate from
the temperature drift component the imaging component
in which the moving object is reflected. With this method,
by extracting only the temperature drift component and
outputting it to the compensation amount calculation
function generation unit 5, it is possible to generate the
N-th order approximate function Af shown in Embodi-
ments 1 to 4, and it becomes possible to generate the
temperature drift compensation amount Dc in the tem-
perature drift compensation amount calculation unit 7.
[0076] Thus, during the subject imaging in a normal
situation, the output of each pixel 1p is leveled by sub-
traction operation of the temperature drift compensation
amounts Dc output from the temperature drift compen-
sation amount calculation unit 7 from the pixel outputs Sp
of all pixels output from the A/D converter 2. As aresult, it
is possible to perform a sequential calculation with re-
spect to the substrate temperature change, and it is
possible to level the image signal with high accuracy.
[0077] However, the temperature drift compensation
amount Dc generated in this configuration includes a
component of a stationary subject, that is, a component
of the background information. Therefore, the back-
ground information is canceled by the subtraction opera-
tion and cannot be acquired, but the infrared imaging
device 10 can be provided in which imaging signals of the
moving subject can be acquired and the shutter 3 is not
required. Further, it is possible to create compensation
data in consideration of the mounting condition of the
device, the fluctuation of the power supply voltage to be
applied or the like, thereby keeping effects in that the
image compensation can be performed with high accu-
racy and a significant reduction in manufacturing cost can
be achieved.

[0078] As shown in FIG. 15, the infrared imaging de-
vice 10 may be configured by a single piece of hardware
10e including a processor 11 and a storage device 12 to
perform arithmetic processing (for example, compensa-
tion amount calculation function generation unit 5 to drift
component analysis unit 9). Although not shown, the
storage device 12 includes a volatile storage device such
as a random-access memory and a nonvolatile auxiliary
storage device such as a flash memory. Further, instead
of the flash memory, a hard disk auxiliary storage device
may be provided. The processor 11 executes a program
input from the storage device 12. In this case, the pro-
gram is input from the auxiliary storage device to the
processor 11 via the volatile storage device. The proces-
sor 11 may output data such as the calculation result to
the volatile storage device of the storage device 12 or
may store the data in the auxiliary storage device via the
volatile storage device.
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[0079] Note that, although various exemplary embodi-
ments and examples are described in the present spe-
cification, various features, aspects, and functions de-
scribed in one or more embodiments are notinherentina
particular embodiment and can be applicable alone orin
their various combinations to each embodiment. Accord-
ingly, countless variations that are not illustrated are
envisaged within the scope of the art disclosed herein.
For example, the case where at least one component is
modified, added or omitted, and the case where at least
one component is extracted and combined with a com-
ponent in another embodiment are included.

[0080] For example, although in Embodiment 5, the
difference from Embodiment 1 has been described, thisis
not a limitation, and the same effects can be achieved
even if it is configured to include the difference with
respect to any one of Embodiments 2 to 4 or the differ-
ence from a combination of these embodiments. Further-
more, for example, an example has been shown in which
the function of the output variation amount Vp of the pixel
1p is generated using the output variation amount Vt of
the substrate temperature sensor 4 as an independent
variable, but the present invention is not limited thereto.
The function of the output variation amount Vp of the pixel
output Sp may have the temperature sensor output St as
the independent variable. Further, the function Af is not
limited to the N-th order approximation, and any function
may be used as long as it can calculate the compensation
amount with the substrate temperature as the indepen-
dent variable and can be generated by combining a
plurality of pieces of data.

[0081] As described above, the infrared imaging de-
vice 10 according to each embodiment comprises the
infrared imaging sensor 1 in which the plurality of pixels
1pfordetectingincidentinfrared light as heat are arrayed,
the substrate temperature sensor 4 to measure the tem-
perature of the substrate on which the infrared imaging
sensor 1is mounted, the temperature drift compensation
amount calculation unit 7 to calculate the temperature
drift compensation amount Dc in accordance with the
temperature change of the substrate (change in tempera-
ture sensor output St), with respect to a pixel output Sp
outputted from each of the plurality of pixels 1p, afunction
generation unit (compensation amount calculation func-
tion generation unit 5) to generate the function Af for
calculating the temperature drift compensation amount
Dc with the temperature of the substrate (value of tem-
perature sensor output St) as an independent variable,
and the timing control unit 6 to cause the infrared imaging
sensor 1 and the substrate temperature sensor 4 to
synchronously output data to the function generation unit
during a period (for example, periods Pb to Pd, period Pe)
in which the temperature of the substrate changes along
with a start of energization to the substrate, as data for
generation to generate the function Af, wherein the func-
tion generation unit uses the data for generation output
after the generation of the function Af as additional data
for improving accuracy of the function Af, so that the
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infrared imaging device 10 can be obtained in which the
influence of the mounting condition and the voltage fluc-
tuation is reduced, and the number of the calibrations is
reduced to shorten the time when no image can be
captured.

[0082] In addition, since the function generation unit
(compensation amount calculation function generation
unit 5 or drift component analysis unit 9) excludes, from
the additional data, a pixel output that deviates from a
range (e.g., approximate value = threshold value Th) set
fora value calculated from the function Afamong the pixel
outputs Sp constituting the additional data, it is possible
to exclude data that has become inaccurate due to a
change in the situation or noise etc. Furthermore, as
explained in the operation of the drift component analysis
unit 9, which should be referred to as the data selection
part of the function generation unit in Embodiment 5, the
calibration can be performed by removing pixel outputs
Sp corresponding to moving objects even when the
shutter 3 is not used.

[0083] Further, if the function generation unit (compen-
sation amount calculation function generation unit 5 or
drift component analysis unit 9) excludes, from the data
for generation, a pixel output that deviates from a range
(e.g., approximate value = threshold value Th) set for a
value calculated from the function Af among the pixel
outputs Sp constituting the data for generation (including
additional data) and generates the function Af again, data
thatis no longer necessary in the current situation due to
a change in the situation can be excluded. Furthermore,
as explained in the operation of the drift component
analysis unit 9, which should be referred to as the data
selection part of the function generation unit in Embodi-
ment 5, the calibration can be performed by removing
pixel outputs Sp corresponding to moving objects even
when the shutter 3 is not used.

[0084] Meanwhile, if the function generation unit (com-
pensation amount calculation function generation unit 5)
analyzes a distribution state in the temperature of the
substrate constituting the data for generation, and sets a
timing at which data of the temperature of the substrate
corresponding to a sparsely distributed region can be
obtained as a timing of the synchronous output in the
calibration, then the function Af can be made more ac-
curate without increasing the number of calibrations.
[0085] Further, if the function generation unit (compen-
sation amount calculation function generation unit 5)
analyzes the dispersion state of the data for generation
in the function Af and sets the timing at which the tem-
perature data of the substrate corresponding to the re-
gionwith large dispersion can be obtained as the timing of
the synchronous output in the calibration, then without
increasing the number of calibrations, the data in the
region with a large temperature drift can be reliably
supplemented so that an accurate compensation can
be performed.

[0086] At this time, the function generation unit (com-
pensation amount calculation function generation unit 5)
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can reliably obtain desired data by setting the timing of
the synchronous output based on at least one of the time
from the start of energization and the temperature of the
substrate.

[0087] A shutter 3 to block incident light on the infrared
imaging sensor 1 is provided, and since the timing control
unit 6 causes the shutter 3 to be synchronously in a
blocking state when the data for generation is made to
output, so that the calibration can be reliably performed.
[0088] The function Af is an N-th order approximation
of the pixel outputs Sp or the output variation amounts Vp
of the pixel outputs, with the temperature of the substrate
as an independent variable, and when a higher order
approximation of the N-th order approximation is per-
formed for higher accuracy, the compensation can be
reliably performed with a simple calculation.

Description of Reference Numerals and Signs

[0089] 1:infrared imaging sensor, 1g : pixel part, 1p :
pixel, 1r: readout circuit, 1s : drive line selection circuit, 2 :
A/D converter, 3 : shutter, 4 : substrate temperature
sensor, 5 : compensation amount calculation function
generation unit (function generation unit), 6 : timing con-
trol unit, 7 : temperature drift compensation amount
calculation unit, 8 : initial value acquisition unit, 9 : drift
component analysis unit (function generation unit), 10 :
infrared imaging device, Af : function, Av : allowable
value, Dc: temperature drift compensation amount (com-
pensation amount), Sp : pixel output, Spr: representative
pixel output, St : temperature sensor output, Th : thresh-
old value, Vp : output variation amount, Vt : output varia-
tion amount

Claims
1. Aninfrared imaging device (10), comprising:

an infrared imaging sensor (1) in which a plur-
ality of pixels (1p) for detecting incident infrared
light as heat are arrayed;

asubstrate temperature sensor (4) tomeasure a
temperature of a substrate on which the infrared
imaging sensor (1) is mounted;

a temperature drift compensation amount cal-
culation unit (7) to calculate a temperature drift
compensation amount (Dc)in accordance witha
temperature change of the substrate, with re-
spect to a pixel output (Sp) outputted from each
of the plurality of pixels (1p);

a function generation unit (5) to generate an
approximate function (Af) for calculating the
temperature drift compensation amount (Dc)
with the temperature of the substrate as an
independent variable; and

a timing control unit (6) to cause the infrared
imaging sensor (1) and the substrate tempera-
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ture sensor (4) to synchronously output data to
the function generation unit during a period (Pb
to Pd, Pe) in which the temperature of the sub-
strate changes along with a start of energization
to the substrate, as data for generation to gen-
erate the function (Af), wherein

the function generation unit (5) uses the data
output after the generation of the function (Af)
among the synchronously output data as addi-
tional data to be added to used data in the
generation of the function (Af), and recalculates
the function (Af) for improving accuracy of the
function (Af).

The infrared imaging device (10) according to claim
1, wherein the function generation unit (5, 9) ex-
cludes, from the additional data, a pixel output that
deviates from arange setfor a value calculated using
the function (Af) among the pixel outputs (Sp) con-
stituting the additional data.

Theinfraredimaging device (10) according to claim 1
or 2, wherein the function generation unit (5, 9)
excludes, from the data for generation, a pixel output
that deviates from a range set for a value calculated
by using the function (Af) among the pixel outputs
constituting the data for generation and generates
the function (Af) again.

The infrared imaging device (10) according to any
one of claims 1 to 3, wherein the function generation
unit (5) analyzes a distribution state in the tempera-
ture of the substrate constituting the data for gen-
eration, and sets a timing at which data of the tem-
perature of the substrate corresponding to a sparsely
distributed region can be obtained as a timing of the
synchronous output.

The infrared imaging device (10) according to any
one of claims 1 to 4, wherein the function generation
unit (5) analyzes a dispersion state of the function
(Af) in the data for generation, and sets a timing at
which the temperature data of the substrate corre-
sponding toaregion having alarge dispersion can be
obtained as a timing of the synchronous output.

Theinfraredimaging device (10) according to claim 4
or 5, wherein the function generation unit (5) sets the
timing based on at least one of a time from the start of
energization and the temperature of the substrate.

The infrared imaging device (10) according to any
oneofclaims 1to 6, further comprising a shutter (3) to
block incident light on the infrared imaging sensor
(1), wherein

the timing control unit (6) causes the shutter (3) to be
synchronously in a blocking state when the data for
generation is made to output.
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8.

The infrared imaging device (10) according to any
one of claims 1 to 7, wherein the function (Af) is an N-
th order approximation of the pixel outputs (Sp) or
variation amounts (Vp) of the pixel outputs with the
temperature of the substrate as an independent
variable, and a higher order approximation of the
N-th order approximation is performed for higher
accuracy.

Patentanspriiche

1.

Infrarot-Bildgebungsvorrichtung (10), umfassend:

einen Infrarot-Bildgebungssensor (1), in dem
eine Vielzahl von Pixeln (1p) zum Erfassen
von einfallendem Infrarotlicht als Warme ange-
ordnet sind;

einen Substrattemperatursensor (4) zum Mes-
sen einer Temperatur eines Substrats, auf dem
der Infrarot-Bildgebungssensor (1) montiert ist;
eine  Temperaturdrift-Kompensationsbetrag-
Berechnungseinheit (7) zum Berechnen eines
Temperaturdrift-Kompensationsbetrags  (Dc)
gemal einer Temperaturanderung des Sub-
strats in Bezug auf eine Pixelausgabe (Sp),
die von jedem der Vielzahl von Pixeln (1p) aus-
gegeben wird,;

eine Funktionserzeugungseinheit (5) zum Er-
zeugen einer Naherungsfunktion (Af) zum Be-
rechnen des Temperaturdrift-Kompensations-
betrags (Dc) mit der Temperatur des Substrats
als eine unabhangige Variable; und

eine Zeitsteuerungseinheit (6), um den Infrarot-
Bildgebungssensor (1) und den Substrattempe-
ratursensor (4) zu veranlassen, Daten an die
Funktionserzeugungseinheit wahrend einer Pe-
riode (Pb bis Pd, Pe), in der sich die Temperatur
des Substrats zusammen mit einem Beginn der
Energiezufuhr zum Substrat dndert, als Daten
zur Erzeugung synchron auszugeben, um die
Funktion (Af) zu erzeugen, wobei

die Funktionserzeugungseinheit (5) die nach
der Erzeugung der Funktion (Af) ausgegebenen
Daten unter den synchron ausgegebenen Da-
ten als zusatzliche Daten verwendet, die zu den
bei der Erzeugung der Funktion (Af) verwende-
ten Daten hinzugefiigt werden sollen, und die
Funktion (Af) neu berechnet, um die Genauig-
keit der Funktion (Af) zu verbessern.

Infrarot-Bildgebungsvorrichtung  (10) nach An-
spruch 1, wobei die Funktionserzeugungseinheit
(5, 9) aus den zusatzlichen Daten eine Pixelausgabe
ausschliel3t, die von einem Bereich abweicht, der fir
einen Wert eingestellt ist, der unter Verwendung der
Funktion (Af) unter den Pixelausgaben (Sp), die die
zusatzlichen Daten bilden, berechnet wird.
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Infrarot-Bildgebungsvorrichtung (10) nach An-
spruch 1 oder 2, wobei die Funktionserzeugungs-
einheit (5, 9) aus den Daten zur Erzeugung eine
Pixelausgabe ausschlielt, die von einem Bereich
abweicht, der fir einen Wert eingestellt ist, der unter
Verwendung der Funktion (Af) unter den Pixelaus-
gaben, die die Daten zur Erzeugung bilden, berech-
net wird, und die Funktion (Af) erneut erzeugt.

Infrarot-Bildgebungsvorrichtung (10) nach einem
der Anspriiche 1 bis 3, wobei die Funktionserzeu-
gungseinheit (5) einen Verteilungszustand in der
Temperatur des Substrats, das die Daten zur Er-
zeugung bildet, analysiert und eine Zeit einstellt,
zu der Daten der Temperatur des Substrats, die
einem duinn verteilten Bereich entsprechen, als eine
Zeit der synchronen Ausgabe erhalten werden
koénnen.

Infrarot-Bildgebungsvorrichtung (10) nach einem
der Anspriche 1 bis 4, wobei die Funktionserzeu-
gungseinheit (5) einen Dispersionszustand der
Funktion (Af) in den Daten zur Erzeugung analysiert
und eine Zeit einstellt, zu der die Temperaturdaten
des Substrats, die einem Bereich mit einer groflen
Dispersion entsprechen, als eine Zeit der synchro-
nen Ausgabe erhalten werden kdnnen.

Infrarot-Bildgebungsvorrichtung (10) nach An-
spruch 4 oder 5, wobei die Funktionserzeugungs-
einheit (5) die Zeit basierend auf mindestens einem
von einer Zeit ab dem Beginn der Energiezufuhr und
der Temperatur des Substrats einstellt.

Infrarot-Bildgebungsvorrichtung (10) nach einem
der Anspriiche 1 bis 6, ferner umfassend einen Ver-
schluss (3) zum Blockieren von einfallendem Licht
auf dem Infrarot-Bildgebungssensor (1), wobei

die Zeitsteuerungseinheit (6) den Verschluss (3) ver-
anlasst, synchron in einem Blockierzustand zu sein,
wenn die Daten zur Erzeugung ausgegeben wer-
den.

Infrarot-Bildgebungsvorrichtung (10) nach einem
der Anspriiche 1 bis 7, wobei die Funktion (Af) eine
Naherung N-ter Ordnung der Pixelausgaben (Sp)
oder Variationsbetrage (Vp) der Pixelausgaben mit
der Temperatur des Substrats als eine unabhangige
Variable ist, und eine Naherung héherer Ordnung
der Naherung N-ter Ordnung fiir eine héhere Ge-
nauigkeit durchgefiihrt wird.

Revendications

Dispositif d'imagerie infrarouge (10), comprenant :

un capteur d’imagerie infrarouge (1) dans lequel
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une pluralité de pixels (1p) pour détecter une
lumiére infrarouge incidente en tant que chaleur
sont disposés en réseau ;

un capteur de température de substrat (4) pour
mesurer une température d’un substrat sur le-
quel le capteur d’imagerie infrarouge (1) est
monté ;

une unité de calcul de quantité de compensation
de dérive de température (7) pour calculer une
quantité de compensation de dérive de tempé-
rature (Dc) en fonction d’'un changement de
température du substrat, parrapport a une sortie
de pixel (Sp) délivrée en sortie a partir de chacun
de la pluralité de pixels (1p) ;

une unité de génération de fonction (5) pour
générer une fonction approximative (Af) pour
calculer la quantité de compensation de dérive
de température (Dc) avec la température du
substrat en tant que variable indépendante ; et
une unité de commande de synchronisation (6)
pour amener le capteur d’imagerie infrarouge
(1) etle capteur de température de substrat (4) a
délivrer en sortie de maniére synchrone des
données a l'unité de génération de fonction
pendantune période (Pb a Pd, Pe)dans laquelle
la température du substrat change avec un dé-
butd’excitation du substrat, entantque données
pour une génération pour générer la fonction
(Af), dans lequel

I'unité de génération de fonction (5) utilise les
données délivrées en sortie apres la génération
de la fonction (Af) parmi les données délivrées
en sortie de maniére synchrone en tant que
données supplémentaires a ajouter aux don-
nées utilisées dans la génération de la fonction
(Af), et recalcule la fonction (Af) pour améliorer
la précision de la fonction (Af).

Dispositif d'imagerie infrarouge (10) selon la reven-
dication 1, dans lequel I'unité de génération de fonc-
tion (5, 9) exclut, des données supplémentaires, une
sortie de pixel qui s’écarte d’'une plage définie pour
une valeur calculée en utilisant la fonction (Af) parmi
les sorties de pixel (Sp) constituant les données
supplémentaires.

Dispositif d'imagerie infrarouge (10) selon la reven-
dication 1 ou 2, dans lequel I'unité de génération de
fonction (5, 9) exclut, des données pour une généra-
tion, une sortie de pixel qui s’écarte d’'une plage
définie pour une valeur calculée en utilisant la fonc-
tion (Af) parmi les sorties de pixel constituant les
données pour une génération etgénére a nouveau la
fonction (Af).

Dispositifd’'imagerie infrarouge (10) selon 'une quel-
conque des revendications 1 a 3, dans lequel l'unité
de génération de fonction (5) analyse un état de
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distribution dans la température du substrat consti-
tuant les données pour une génération, et définitune
synchronisation a laquelle des données de la tem-
pérature du substrat correspondant a une région
faiblement distribuée peuvent étre obtenues en tant
que synchronisation de la sortie synchrone.

Dispositif d’'imagerie infrarouge (10) selon 'une quel-
conque des revendications 1 a 4, dans lequel I'unité
de génération de fonction (5) analyse un état de
dispersion de la fonction (Af) dans les données pour
une geénération, et définit une synchronisation a
laquelle les données de température du substrat
correspondant a une région ayant une grande dis-
persion peuvent étre obtenues en tant que synchro-
nisation de la sortie synchrone.

Dispositif d'imagerie infrarouge (10) selon la reven-
dication 4 ou 5, dans lequel I'unité de génération de
fonction (5) définitla synchronisation surlabase d’au
moins I'un d’untemps a partir du début d’excitation et
de la température du substrat.

Dispositif d’'imagerie infrarouge (10) selon 'une quel-
conque des revendications 1 a 6, comprenant en
outre un obturateur (3) pour bloquer une lumiére
incidente sur le capteur d’'imagerie infrarouge (1),
dans lequel

I'unité de commande de synchronisation (6) améne
I'obturateur (3) a étre de maniére synchrone dans un
état de blocage lorsque les données pour une gé-
nération sont amenées a délivrer en sortie.

Dispositif d’'imagerie infrarouge (10) selon 'une quel-
conque des revendications 1 & 7, dans lequel la
fonction (Af) est une approximation d’'ordre N des
sorties de pixel (Sp) ou des quantités de variation
(Vp) des sorties de pixel avec la température du
substrat en tant que variable indépendante, et une
approximation d’ordre supérieur de I'approximation
d’ordre N est réalisée pour une précision supérieure.
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